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Chapter 2 
Pesticide Degradation Mechanisms and 
Environmental Activation 
Joel R. Coats 
Pesticide Toxicology Laboratory, Department of Entomology, 
Iowa State University, Ames, IA 50011 
Pesticides are degraded by many different mechanisms. Physical, chemical, and biological agents play significant roles in the transformation of insecticide, herbicide, and fungicide molecules to various degradation products. Transformation mechanisms include oxidation, hydrolysis, reduction, hydration, conjugation, isomerization, and cyclization. Resultant products are usually less bioactive than the parent psticide molecule, but numerous cases have been documented of metabolites with greater bioactivity. The physical and chemical properties of the degradation products are also different from those of the parent compound, and their fate and significance in the environment also are altered with the structural changes. The concept of "environmental activation" is introduced, to describe the transformation of a pesticide to a degradation product that i s of significance in the environment as a result of its environmental toxicology or chemistry. 
Degradation of synthetic organic pesticides begins as 
soon as they are synthesized and p u r i f i e d . Formulation 
processes can i n i t i a t e minor amounts of decomposition of 
active ingredients. During shipping and storage of 
products, breakdown of the p r i n c i p a l components may occur 
due to harsh environmental conditions (e.g., severe heat) 
or prolonged periods of storage. Once a pesticide 
product i s prepared as a tank mix, further degradation 
can occur because of chemical interactions between the 
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2. COATS Degradation Mechanisms and Environmental Activation 11 
parent molecules and the water used or other pesticides 
i n the tank mixture. Once applied at a s i t e for pest 
control, the p e s t i c i d a l compound i s exposed to numerous 
agents capable of transforming i t into various other 
forms. Once inside organisms, both target and 
nontarget, they are subject to attack by d e t o x i f i c a t i o n 
enzymes. The majority of the pesticide applied does not 
immediately enter any organism, but remains i n the 
environment. These residues i n s o i l , water, and a i r are 
subject to transformation, to transport to a d i f f e r e n t 
location, and to uptake by organisms at that s i t e . Once 
transformation products have been formed i n any of the 
circumstances described, these new compounds are of 
relevance, as well, and are susceptible to the same 
forces of movement and/or further degradation. 
Agents Involved i n Degradation 
Processes responsible for the degradation of pesticides 
can be c l a s s i f i e d as physical, chemical, and b i o l o g i c a l . 
A combination of factors usually influence the breakdown 
of a p e s t i c i d a l chemical, over a time period of hours, 
days, weeks, months, or years, and through many of the 
situations enumerated above. Factors that influence the 
r e l a t i v e importance of the various transformation agents 
depend to a great extent on the chemical's use pattern, 
physical properties, and chemical structure. 
The two primary physical agents involved i n the 
degradation process are l i g h t and heat. Photolysis of 
pesticide residues i s extremely s i g n i f i c a n t on 
vegetation, on the s o i l surface, i n water, and i n the 
atmosphere (1)· Thermal decomposition of the chemicals 
often occurs concomitantly with the photodegradative 
reactions; solar radiation, therefore, i s d i r e c t l y 
responsible for the decomposition i n two ways, through 
photolysis and thermal decomposition. Cold, especially 
freezing, temperatures can also contribute occasionally 
to pesticide degradation i f certain formulations are 
allowed to freeze, and the pesticide i s forced out of 
solution, suspension, or microencapsulation, making i t 
more susceptible to degradative forces before and a f t e r 
application. 
Chemical degradation occurs as a r e s u l t of the 
various reactive agents i n the formulations, tank mixes, 
and i n the environment. Water i s responsible for 
considerable breakdown of pesticides i n solution, 
especially i n conjunction with pH extremes. Even s l i g h t 
variance from a neutral pH can e l i c i t rapid decomposition 
of pH-sensitive compounds. Molecular oxygen and i t s 
several more reactive forms (e.g., ozone, superoxide, 
peroxides) are capable of reacting with many chemicals to 
generate oxidation products. In a l l but the most 
oxygen-poor environments, oxidative transformations are 
frequently the most common degradation pathways observed. 
Other chemical oxidations, as well as reductions, can 
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12 PESTICIDE TRANSFORMATION PRODUCTS 
progress i n the presence of certain inorganic redox 
reagents (2). These reactive species of metals function 
as highly e f f e c t i v e catalysts which e f f e c t pesticide 
transformations i n s o i l s and i n aquatic and marine 
environments. 
B i o l o g i c a l agents are also s i g n i f i c a n t degraders of 
pesticides. Microorganisms (bacteria, fungi, 
actinomycetes) are the most important group of degraders, 
based on t h e i r prevalence i n s o i l and water and on the 
tendency of pesticides to c o l l e c t i n those médias ( 3 , 4 ) . 
Three major degradation strategies are exhibited by 
microbes: 
1. Co-metabolism i s the biotransformation of a 
p e s t i c i d a l molecule coincidental to the normal 
metabolic functions of the microbial l i f e processes 
(growth, reproduction, dispersal). 
2. Catabolism i s the u t i l i z a t i o n of an organic 
molecule as a nutrient or energy source. Some 
pesticides have been observed to be susceptible to 
enhanced microbial degradation (EMD) by 
populations of microbes ( p r i n c i p a l l y bacteria) that 
have adapted, following repeated use, to u t i l i z e the 
pesticide molecule as a sole source of carbon or 
nitrogen (5). Control of pests by these products may 
be seriously compromised under some circumstances 
(e.g., a need for weeks of persistence i n s o i l (6). 
The major factors that a f f e c t the s u s c e p t i b i l i t y or 
resistance of a chemical to EMD are the r e l a t i v e ease 
of hydrolysis, plus the n u t r i t i o n a l value of the 
hydrolysis products (7), as well as the t o x i c i t y of 
those products to microbes i n the s o i l (8). This 
s p e c i a l i z a t i o n of biodégradation has also been 
exploited for bioremediation processes (9). 
3. Microorganisms secrete enzymes into the s o i l for 
digestion of substrates. The enzymes, e.g., 
phosphatases and amidases, may p e r s i s t i n the s o i l 
long a f t e r the parent microbial c e l l i s dead. The 
s t a b i l i t y and persistence of these e x t r a c e l l u l a r 
enzymes can provide s o i l with various important 
biochemical c a t a l y t i c c a p a b i l i t i e s ( 1 0 ) . 
Other b i o l o g i c a l degradation agents include 
invertebrates, vertebrates, and plants. In general, 
vertebrates possess the most sophisticated enzymatic 
arsenal for biotransformation of xenobiotics that enter 
t h e i r bodies. In addition to the broader spectrum of 
reactions possible i n vivo, the rates of det o x i f i c a t i o n 
and elimination are t y p i c a l l y highest i n t h i s group, 
especially mammals and birds. 
Transformation Reactions 
Three basic types of reactions can occur: degradative, 
synthetic (e.g., conjugations), and rearrangements. 
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2. COATS Degradation Mechanisms and Environmental Activation 13 
Although most organic pesticides must undergo many 
reactions before they are completely degraded, or 
mineralized, one or two transformations are frequently 
s u f f i c i e n t to a l t e r the b i o l o g i c a l a c t i v i t y d r a s t i c a l l y . 
The change usually i s a detoxification, but numerous 
examples of intoxication, or activation, have been 
reported as well (11). 
The evolved biochemical strategies of organisms for 
de t o x i f i c a t i o n of organic foreign substances are four-
f o l d . They transform the xenobiotic molecule to a more 
water-soluble, more polar molecule to f a c i l i t a t e 
elimination of i t from the organism. Oxygen or oxygen-
containing moieties l i k e sugars, amino acids, sulfates, 
and phosphates serve t h i s purpose well. Secondly, they 
a l t e r functional groups i n an attempt to render the 
molecule less toxic (e.g., amines and sulfhydryls). The 
t h i r d approach e n t a i l s breaking of the p o t e n t i a l l y toxic 
molecule into two or more fragments to decrease the 
proba b i l i t y of toxic impacts of the chemical on v i t a l 
organs or organelles. In addition, the breaking down 
process also contributes toward possible use of the 
component parts of the molecule as nutrients, as 
mentioned regarding microbial catabolism. 
Degradative Reactions 
Oxidations. A wide spectrum of oxidative reactions occur 
i n organisms and i n the greater environment. Nearly a l l 
impart some degree of increased water s o l u b i l i t y to the 
pesticide molecule. Most also a l t e r the b a c t i v i t y of the 
parent compound. For t h e i r impact on the b i o a c t i v i t y and 
mobility, and, hence, the environmental significance of 
the chemicals, the oxidation pathways are extremely 
important transformation reactions. 
The mechanisms of oxidation vary: physical and 
chemical oxidations involve molecular oxygen or more 
reactive species including various acids, peroxides, or 
sin g l e t oxygen, and are often enhanced by l i g h t , heat, or 
oxidized metals i n s o i l or water. B i o l o g i c a l oxidations 
are accomplished enzymatically, primarily by the mixed 
function oxidases ( u t i l i z i n g cytochrome P 4 5 0) (12,13), the flavin-dependent monooxygenases (14,15), and 
monoamine oxidases (12). The reactive forms of oxygen 
that are involved i n the various oxidative 
biotransformations have been reported to be hydroxyl 
r a d i c a l , superoxide anion, and hydrogen peroxide. 
S p e c i f i c oxidative reactions of significance i n pesticide 
degradation are presented below. 
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14 PESTICIDE TRANSFORMATION PRODUCTS 
ping Hydroxylation 
This reaction occurs on aromatic rings i n pesticides of 
several types, as well as po l y c y c l i c aromatic 
hydrocarbons (PAH). I t i s ea s i l y accomplished on single 
or multiple-ring molecules that are unsubstituted or 
activated. Substitution with bulky or multiple groups 
can s t e r i c a l l y i n h i b i t the reaction, as can the presence 
of deactivating substituents such as halogens. 
Side-chain oxidation 
C H 3 C H 3 
\ £ H Y - O H 
C H 3 C H 3 
dîazinon hydroxy diazinon (17) 
Any methylene group i n an a l i p h a t i c side-chain i s 
susceptible to oxidation. Carbofuran undergoes 
hydroxylation of a methylene i n the furan r i n g to form 7-
hydroxycarbofuran, followed by further oxidation to 7-
ketocarbofuran (18). Terminal methyl groups are also 
susceptible to hydroxylation. 
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Epoxidation 
15 
aldrin dieldrin (19) 
The conversion of alkenes to epoxides does not r a d i c a l l y 
a l t e r the p o l a r i t y of the substrate, nor the b i o l o g i c a l 
a c t i v i t y i n some cases, e.g., a l d r i n 1 s epoxidation to 
d i e l d r i n . Epoxide formation may be, i n fact, c r i t i c a l to 
b i o a c t i v i t y , e.g., precocenes require activation to be 
cytotoxic to the corpora a1latum of insects to i n h i b i t 
the production of juvenile hormone ( 2 0 ) . Epoxides can be 
hydrolyzed to form d i o l s ; the net ef f e c t of the arene 
oxide formation followed by hydrolysis, i s r i n g 
hydroxylation. 
0-dealkvlation 
C H 3 O \ c - / y 0CH3 
methoxychlor 
(O) C H 3 O - ^ y- O H 
desmethyl methoxychlor (21) 
Dealkylation of groups larger than methyl also occurs, 
primarily v i a an α-hydroxylation, followed by the 
cleavage of the ether bond. Relative rates of 
O-dealkylation can be quite species-specific ( 2 2 ) . 
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16 PESTICIDE TRANSFORMATION PRODUCTS 
N-dealkvlation 
Cl v 
N ^ N r w Ν C H 
I II 9^3 ΙΟΙ „ JL 11 I 
atrazine desethyl atrazine (23) 
In t h i s example, either or both of the a l k y l groups can 
be oxidatively removed, N-Demethylation i s an important 
step i n the activation of chlordimeform (24). 
S-dealkylation 
CI CI 
(O) 
prothiophos despropyl prothiophos (25) 
D i - and t r i - a l k y l thiophosphate (and thiophosphoramidate) 
esters also are susceptible to isomerization which 
e n t a i l s migration of an a l k y l group (12). 
Oxidative desulfuration 
fonofos fonofoxon (26) 
This reaction i s requisite of nearly a l l thionophosphates 
for activation to highly e f f e c t i v e i n h i b i t o r s of a c e t y l ­
cholinesterase (AChE). I t occurs i n vivo primarily, 
through an oxidative attack on the sulfur atom, as 
demonstrated with the metabolism of the R and S o p t i c a l 
isomers of fonofos, since the oxons (P=0) formed retained 
the stereochemistry of the parent phosphorothion (27). 
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2. COATS Degradation Mechanisms and Environmental Activation 17 
Sulfoxidation 
C s H ' ° ) p - S - C H 2 - S - C ( C H 3 > 3 
terbufos 
lo] 
C Î H P ^ - S - C H J - C ( C H ; 3 
CJH Ο " terbufos sulfoxide 
[O] 
> - S - C H 2 - S - C ( C H J 3 
terbufos sulfone (28) 
The oxidation of sulfides to the sulfoxide and sulfone i s 
often rapid. Sulfoxide formation i s the r e s u l t of FAD 
monooxygenase enzymes i n vivo, while sulfones are formed 
by the cytochrom P 4 5 0 monooxygenase system. The two forms can be generated chemically by peroxides and 
peracids, respectively. I t i s often the path of least 
resistance to degradation, and i t resul t s i n oxidative 
metabolites that are often of b i o l o g i c a l significance. 
Aromatic a l k y l thioethers, e.g., measurol (17) and 
methiochlor (29), are also susceptible to sulfoxidation. 
Thiomethyl metabolites of chlorinated aromatic hydrocar­
bons, formed v i a a mercapturic acid intermediate, can 
also be oxidized to the s u l f i n y l and sulfonyl derivatives 
(30). 
D
ow
nl
oa
de
d 
by
 IO
W
A
 S
TA
TE
 U
N
IV
 o
n 
M
ar
ch
 1
7,
 2
01
6 
| ht
tp:
//p
ubs
.ac
s.o
rg 
 
Pu
bl
ic
at
io
n 
D
at
e:
 M
ar
ch
 2
1,
 1
99
1 
| do
i: 1
0.1
021
/bk
-19
91-
045
9.c
h00
2
 Somasundaram and Coats; Pesticide Transformation Products 
ACS Symposium Series; American Chemical Society: Washington, DC, 1991. 
18 PESTICIDE TRANSFORMATION PRODUCTS 
Amine oxidation 
CI CI CI 
Arylamine N-oxidation can occur v i a monoamine oxidases or 
the CytoP-450-dependent monooxygenases (12). The 
hydroxylamine form i s very reactive i n vivo (31) and can 
undergo deamination or further oxidation to form the more 
stable phenol or nitrobenzene, respectively. 
Hydrolysis reactions. For many pesticide molecules, 
hydrolysis i s a primary route of degradation. Many types 
of esters are h y d r o l y t i c a l l y cleaved, y i e l d i n g two 
fragments with l i t t l e or no p e s t i c i d a l a c t i v i t y . The 
products do possess b i o a c t i v i t y of various other types, 
however, e.g., microbial t o x i c i t y (8) or induction of 
microbial growth (7). Hydrolysis of esters can occur by 
chemical means; even mildly alkaline solutions can cause 
hydrolytic decomposition of some esters 
(organophosphorus, carbamate, pyrethroid), while acid-
catalyzed hydrolysis t y p i c a l l y i s induced only by 
strongly a c i d i c solutions (e.g., pH 3-4). 
Hvdrolvsis - of phosphate esters 
parathion diethyl thiophosphate p-nitro phenol (12) 
B i o l o g i c a l l y , the hydrolysis of parathion has been shown 
to proceed by two mechanisms, one oxidative, as a r e s u l t 
of the action of mixed-function oxidases or by hydrolases 
(33,34). 
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Hydrolysis - of carboxvl esters 
S Ο 
C H 3 O X I I il c Ο 
θ Η 3 θ ' I 9 * 3 ^ P - S - C H - C - O - C ^ 
C h ^ - C - O - C ^ C H 3 0 / I * 5 
II * 3 C H r - C - O H 
Ο 2 il 
Ο 
malathion carboxy malathlon (12) 
Carboxyl esterase enzymes of vertebrates rapidly render 
malathion non-toxic through t h i s hydrolysis. Malathion-
resis t a n t insects also have been demonstrated to possess 
the enzymatic cap a b i l i t y (25). Carbamate esters, e.g., 
N-methylcarbamate insecticides, are also degraded by 
ester hydrolysis (35). 
Hvdrolvsis - of amides 
F 
2,6-diflurobenzoic acid 
2 N - C - N - ^ ^ C l 
p-chlorophenylurea (17) 
H 2 Q 
diflubenzuron 
Hvdrolvsis - of halogens 
Cl H 
ι" Ο 
CH 3 
atrazine hydroxyatrazine (23) 
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Chemical hydrolysis of chlorides and bromides can occur, 
y i e l d i n g a hydroxylated product. Hydrolysis of an 
epoxide, by an epoxide hydratase, produces a d i o l (36). 
Oximecarbamates can be hydrolyzed to an oxime and a 
carbamic acid (35). 
Reductions. Under certain conditions, reduction 
reactions are commonly observed, y i e l d i n g products with 
lower p o l a r i t y generally. Their b i o l o g i c a l a c t i v i t y may 
be concomitantly altered as well. Pesticides undergo 
reduction reactions i n reducing environments, 
characterized by low oxygen concentrations, low pH's, and 
anaerobic microorganisms. Examples of situations i n 
which pesticides are reduced include stagnant or 
eutrophic ponds and lakes, bogs, flooded r i c e f i e l d s , the 
rumens of ruminant livestock, and lower intestines of 
some species, including man. 
Reductive dehaloaenation 
cO sO a a-c-a ι 
CI 
DDT 
a < Q c < Q c . 
C I - C - C I 
I 
H 
DDD (37) 
Mammalian systems are more capable of t h i s 
biotransformation of DDT than many lower animals (38), 
probably due to t h i s conversion by the i n t e s t i n a l f l o r a 
(11). 
Reduction of a sulfoxide 
S O s 
C 2 H 5 Ov | i η C ^ O x i i 
phorate sulfoxide phorate (39) 
Phorate s o i l i n s e c t i c i d e i s rapidly sulfoxidized i n s o i l , 
but under flooded anaerobic conditions can be reduced 
back to the s u l f i d e form. 
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Reduction of a n i t r o oroup 
21 
parathion aminoparathion (Ί0) 
This conversion has been observed i n flooded s o i l . The 
fungicide pentachloronitrobenzene has also been shown to 
undergo reduction to an amino analog (41). 
Synthetic reactions 
Conjugations of d i f f e r e n t types are synthetic i n nature, 
adding a moiety to a xenobiotic, primarily at a hydroxyl, 
amino, sulfhydryl, or carboxylic acid group. The moiety 
i s usually a r e l a t i v e l y polar one, such as glucuronic 
acid, glucose, sulfate, phosphate, or amino acids (42). 
Alkylation, usually methylation, of the polar moiety 
tends to reduce the p o l a r i t y of that group. Acylation, 
primarily acetylation, also reduces the hydrophilic 
nature of the polar group (12). Both methylation and 
acetylation a l t e r the b i o a c t i v i t y and l i p o p h i l i c i t y of 
primary amines and occur commonly i n aquatic systems. 
Persistence, bioaccumulation, and mobility can also be 
s i g n i f i c a n t l y changed by conjugation reactions. 
Rearrangements 
Some reactions are neither degradative nor synthetic, but 
involve changes i n the structural arrangement of the 
molecule. Properties can change considerably. 
Isomerizations. The transformation of one isomer to 
another can occur under various conditions, but i s 
usually effected by physical or chemical agents. The 
o p t i c a l a c t i v i t y of some diastereomers can be reversed i n 
some situations. Fenvalerate, a synthetic pyrethroid 
in s e c t i c i d e , has two c h i r a l carbons, one in the acid 
portion of the molecule and one i n the alcohol moiety. 
In water, the alcoholic c h i r a l carbon of a pure isomer 
undergoes racemization, apparently u n t i l a stereochemical 
equilibrium i s reached. No change i n the stereochemistry 
of the acid-moiety c h i r a l carbon was noted. Other p r o t i c 
solvents also f a c i l i t a t e d the racemization of the S,S 
isomer of fenvalerate to the S,R isomer, but aprotic ones 
did not (43). Deltamethrin isomers also can undergo 
racemization i n aqueous solutions (44)· Optical isomers 
of EPN and i t s oxon exert d i f f e r e n t types of eff e c t s i n 
chickens. Both sterioisomers inhibited the neuropathy 
target esterase (ΝΤΕ), but aging of the phosphorylated 
D
ow
nl
oa
de
d 
by
 IO
W
A
 S
TA
TE
 U
N
IV
 o
n 
M
ar
ch
 1
7,
 2
01
6 
| ht
tp:
//p
ubs
.ac
s.o
rg 
 
Pu
bl
ic
at
io
n 
D
at
e:
 M
ar
ch
 2
1,
 1
99
1 
| do
i: 1
0.1
021
/bk
-19
91-
045
9.c
h00
2
 Somasundaram and Coats; Pesticide Transformation Products 
ACS Symposium Series; American Chemical Society: Washington, DC, 1991. 
22 PESTICIDE TRANSFORMATION PRODUCTS 
ΝΤΕ occurred primarily with the L(-)-isomers and 
correlated c l o s e l y the potency of those isomers to cause 
organophosphate induced delayed polyneuropathy (45). 
(acid moiety) (alcohol moiety) 
fenvalerate 
Dimerization 
2BrCH a - CHjBr B r C H 2 - C H a - S - S - C H 2 - CHjBr 
EDB dialkyl disulfide (46) 
Under extremes of heat and l i g h t many pesticides can form 
aimers, trimers, or polymers, but under conditions of 
less severity, dimers can be formed, sometimes after an 
i n i t i a l degradative or 
conjugation step. 
Cyc l i z a t i o n 
Closure of a c y c l i c systems to form a ring has been shown 
to occur i n several cases, usually catalyzed by l i g h t , 
pH, or enzymes. Some organophosphates undergo ri n g 
closure to form c y c l i c phosphates or phosphates with 
c y c l i c leaving groups (34). 
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Migration 
/ / V o - / y O - C H - C - 0 - C H 3 
dîclofop methyl 
CI C H 3 Ο 
O - C H - C - O - C H 3 
ι - 11 
An example of migration of a halogen from one position to 
another, more favored, position on the molecule i s the 
NIH s h i f t . The para-hydroxy1 metabolite of diclofop 
methyl i s produced through the formation of the arene 
oxide intermediate of the para-chloro to a jneta position 
i n wheat plants. The hydroxylation creates a more 
s i g n i f i c a n t change i n the b i o l o g i c a l and physical 
properties than the migration of the chlorine does (47). 
Activation Reactions 
The b i o l o g i c a l significance of degradation products i s 
sometimes greater than that of the parent pesticide 
molecule. Several types of activations have been 
reported, some programmed into the molecule and others 
inadvertent. 
Qraanophosphorus Insecticides 
Most organophosphorus insecticides are activated in vivo 
to potent i n h i b i t o r s of acetylcholinesterase (AChE). The 
oxidative desulfuration of the P=S to P=0 i s the most 
c r i t i c a l step of activation (48), but sulfoxidation of 
side-chain s u l f i d e s (above) i s also important. Both 
enhance the $+ charge on the phosphorus atom and, 
subsequently, the a f f i n i t y of the Ρ for the serine 
hydroxyl at the active s i t e of the enzyme. However, the 
oxidatively activated forms (oxons, sulfoxides, and 
sulfones) are also more susceptible to hydrolysis of the 
phosphate ester and also do not penetrate insect c u t i c l e 
as r e a d i l y . Therefore, the thion and s u l f i d e forms, 
which are more stable during storage and application and 
penetrate quickly into the insect pest, are preferred for 
OP in s e c t i c i d e products. The b i o a c t i v i t y of oxidative 
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24 PESTICIDE TRANSFORMATION PRODUCTS 
degradation products against insect pests has been 
previously investigated for some OP's. 
The i n s e c t i c i d a l a c t i v i t y of phorate oxidation 
products i s equivalent to that of the parent materials 
when applied t o p i c a l l y to corn rootworm larvae (49), but 
i n s o i l bioassays on crickets, they were not as 
eff i c a c i o u s as the parent compound (50). Oral LD 5 0 determinations on chickens revealed e s s e n t i a l l y 
equivalent acute t o x i c i t y of phorate and several 
metabolites, a l l i n the range of 0.3 to 1.7 mg/kg (51). 
Isofenphos and three of i t s oxidative metabolites have 
been compared for t h e i r b i o a c t i v i t y . Their 
anticholinesterase a c t i v i t y and in j e c t i o n t o x i c i t y to 
American cockroaches showed the metabolites to be 
superior i n h i b i t o r s of AChE. The N-dealkylated oxon 
metabolite was the most e f f e c t i v e i n h i b i t o r , with 
evidence indicating further oxidation of that product was 
necessary for optimal inhibitory a c t i v i t y (52). 
Mortality of corn rootworm larvae and adults by t o p i c a l 
application of isofenphos and three of i t s oxidative 
metabolites revealed very similar t o x i c i t y of a l l four 
compounds, at 1.7-2.7 Mg/g for t h i r d - i n s t a r larvae (53). 
However, i n s o i l bioassays, the degradation products were 
not as e f f e c t i v e as isofenphos, probably due to less 
e f f i c i e n t uptake out of the s o i l . 
Proinsecticides 
carbosulfan carbofuran 
Compounds that are designed for activation as a r e s u l t of 
degradation reactions are c a l l e d proinsecticides (54). 
Carbofuran derivatives have been designed to be 
hydrolyzed to carbofuran i n insects, but not i n mammalian 
systems (27). These derivatives have a lower t o x i c i t y to 
mammals than the carbofuran toxaphore. 
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The synthetic pyrethroid tralomethrin decomposes, 
v i a the elimination of Br 2, to deltamethrin a more potent i n s e c t i c i d a l molecule (55). 
tralomethrin 
Ο CN 
deltamethrin 
Promutaoens and Procarcinogens 
Pesticides that can be transformed into mutagens or 
carcinogens are ca l l e d promutagens or procarcinogens. 
Ethylene bis-dithiocarbamate fungicides degrade under 
certain conditions, including cooking and processing, to 
ethylene thiourea (ETU), a carcinogen (56). 
S H 
EBDC ETU 
The plant growth regulator/ripening agent daminozide 
(Alar) degrades v i a a hydrolysis to unsymetrical 
dimethylhydrazine (UDMH) which i s carcinogenic (57). 
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Ο 
II 
(CHJ/g-NHCCHjCHjCOOH 
daminozide 
(Alar) 
—> ( C H ^ - N H j 
unsymetrîcal dimethylhydrazine 
(UDMH) 
(carcinogen) 
Ο + Ο 
H O - C - C H 2 - C H 2 - C - O H 
Although conjugation reactions generally r e s u l t i n 
products less toxic than the pesticide molecule, examples 
have emerged i n recent years that demonstrate deleterious 
b i o a c t i v i t y of conjugates or further metabolized 
conjugates. Aromatic primary amines can undergo 
acetylation, followed by a hydroxylation of the acetyl 
group and sulfate conjugation of the hydroxy acetyl 
group. The resultant sulfates can be carcinogenic (42). 
A cholesterol conjugate formed from the acid portion of 
the R,S-isomer of fenvalerate has been implicated i n the 
formation of a l i v e r granuloma (58). 
Environmental Activation 
Environmental activation i s any transformation that 
enhances the environmental significance of a chemical as 
a r e s u l t of changes in i t s environmental toxicology or 
chemistry. An environmental activation may occur due to 
changes i n a pesticide's (1) b i o a c t i v i t y , 
(2) persistence, or (3) mobility. 
The organophosphorus insecticide leptophos has been 
shown to undergo an aromatic debromination, i n sunlight 
especially, to produce s i g n i f i c a n t quantities of 
desbromoleptophos (59). The photoproduct i s capable of 
inducing more potent 0PIDN effects than the parent 
molecule, as i s the oxon analog. Desbromoleptophos i s 
not metabolized or excreted more slowly than the parent 
molecule, nor s e l e c t i v e l y distributed to nervous tissue 
i n greater concentrations (60). The enhanced potency of 
the desbromo analog i s thought to be due to a greater 
absorption rate from the gut (61) and/or greater a f f i n i t y 
i n vivo for the neuropathy target esterase (62). 
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OCH 3 
P - O 
CI 
•Br 
leptophos desbromoleptophos 
Degradation products of some insecticides and 
herbicides have been shown to be more mobile than the 
parent molecules (63), and often move to locations where 
degradation may be slower, e.g., groundwater (64). 
Mobility of pesticides and th e i r transformation products 
must be better understood, regarding mechanisms, preven-
ti o n , and significance of those residues i n water 
Conclusions 
1. Degradation of pesticides begins at formulation and 
continues for hours, days, weeks, months, years, or 
decades, depending on the chemical and the 
conditions. 
2. Pesticide degradation products occur i n a i r , water, 
s o i l , and organisms. 
3. Activation reactions are of special significance 
and are demanding greater attention i n the future. 
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